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ABSTRACT 
 
In manufacturing industry, portable CNC milling machine is important to 
produce a product. This project describes a design and fabrication of portable CNC 
milling machine. This project utilized operating principles of CNC milling machine 
where it can move in 3 axes specifically X, Y and Z. For this project Master CAM 
software was used to generate the G-code for milling cutting construction testing. The 
most important part is the holder of the spindle, without a strong spindle holder it 
because difficult to produce good quality products. This project develop a CNC 
machine in combination with a computer. Parallel port was utilized together with 
intermediate Mach3 software to move the machine during cutting process. The purpose 
of this project is to develop a low-cost project portable CNC milling machine. It can be 
transported using minimum manpower, easily handled and also suitable for small 
industry. AC power supply is used and sent to the noise filter to reduce signal 
interference before sent to the stepper motor to allow axes X, Y and Z move. CNC 
machine structure movement is controlled by the DC stepper motor. For example, when 
DC stepper motor gets signal, it was sent to the gear box and turn the ball screw that 
connect with each drivers X, Y and Z through the bearing. Then, the driver X, Y and Z 
moving to start cutting process according to the computer instruction until the cutting 
done. 
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ABSTRAK 
 
Dalam industri pembuatan, CNC milling mesin adalah penting untuk 
menghasilkan produk. Projek ini menerangkan reka bentuk dan pembangunan CNC 
milling mesin. Projek ini menggunakan prinsip-prinsip operasi CNC milling mesin di 
mana ia boleh gerak secara 3 paksi iaitu X, Y dan Z. Untuk projek ini perisian Master 
CAM telah digunakan untuk menghasilkan G-code untuk pengujian pemotongan 
dilakukan. Bahagian yang paling penting adalah pemegang gelendong, tanpa pemegang 
gelendong yang kukuh, amat sukar untuk menghasilkan produk yang  baik dan 
berkualiti. Projek ini adalah untuk membangunkan CNC mesin yang digabungkan 
bersama komputer. Port selari telah digunakan bersama-sama dengan perantaraan 
perisian Mach3 sebagai perantaraan mesin untuk menggerakkan mesin semasa 
pemotongan. Tujuan projek ini adalah untuk membangunkan satu projek kos rendah 
mereka bentuk mini CNC milling mesin. Ia boleh dialihkan dengan menggunakan 
tenaga manusia, juga senang dikendalikan dan sesuai untuk industri kecil. Bekalan 
kuasa AC digunakan dan dihantar ke penapis bunyi untuk mengurangkan gangguan 
sebelum isyarat dihantar ke  motor untuk membolehkan paksi X, Y dan Z bergerak. 
Struktur CNC mesin pula pergerakan mesin dikawal oleh DC motor. Contohnya, DC 
motor mendapat isyarat, kemudian dihantar ke gear box dan memusingkan ball screw 
yang dicantum bersama setiap penggerak X, Y dan Z  melalui bearing. Kemudian, 
penggerak X, Y dan Z bergerak untuk memulakan proses pemotongan mengikut arahan 
komputer sehingga pemotongan selesai dilakukan. 
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CHAPTER 1 
 
 
INTRODUCTION 
 
 
1.0 INTRODUCTION 
 
This chapter describes the project overview, problem statement, project objectives, 
and project scope. Problem statement explains about engineering issues for this project. 
The project objective is the description of the expected result and goal of this project. 
Project scope explains about the limitations and boundaries on this project. 
 
1.1 OVERVIEW OF THE PROJECT 
 
This project is to develop a model of portable CNC Milling machine that can be 
moved with minimum handling. 
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1.2 PROBLEM STATEMENT 
 
Since thousand years ago, human tried to find ways to make their work easier. 
Thus, variety of techniques and inventions are created to reduce the human work. 
Nowadays, CNC Machine is most popular in manufacturing sector. So as to reduce the 
burden on the people, portable CNC Milling machine this is the best option because it can 
be removed easily, saving time and reducing the use of space. CNC milling machine is a 
very important technology in the manufacturing industry nowadays. But there are some 
problems that arise among industrial developers, because the existing milling machine is 
compatible with a huge industry only. While for small developers, the problem is CNC 
milling machines available now have a large size, heavy and difficult to control. This 
problem is not suitable for small industry. The solution is to design and fabricate a model 
of portable milling machine. Operating Portable CNC milling machine with low cost and 
simply in design will be a good news for the developers of small-scale industries. Related 
to problem statement table 1.1 below show the existing milling machine on the market, the 
machine shows the weight of the machine specifications that cannot be lifted using human 
power and has huge size 
  
Table 1.1 : CNC milling machine specification 
No. Model Brand Weight (kg) Size (mm) 
1 XK716 TOPSCNC 7800 3300 x 2500 
2 XK7136C RUIFENG 2500 2220 x 1850 x 2130 
3 XK718 T 15000 3569 x 4100 x 3055 
4 XK718D FORTUNE 16000 4700 x 4310 x 3210 
5 KD-1212 KD 750 1200 x 1800 
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Figure 1.1 and 1.2 below showed the example of CNC milling machine that 
already have in industry. The existing machine have dimension and weight is too 
big, heavy, cannot move anywhere with human energy and not suitable for small 
developers.  
 
 
 
 
 
 
 
 
Figure 1.1 : XK718D 
 
 
 
 
 
 
 
 
Figure 1.2 : XK 716 
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1.3 OBJECTIVE 
 
The objective of this project is: 
 
 To design and fabricate the machine component and assemble as a complete CNC 
milling machine. 
 To design portable CNC Milling machine. 
 To fabricate the portable CNC Milling machine. 
 To assemble and testing the portable CNC Milling machine. 
 
1.4 SCOPE OF PROJECT 
 
The scope of this project includes: 
 
 To produce a vertical portable CNC milling machine 
 Should be operating as milling machine process. 
 Should be used G-code to construction the milling cutting testing. 
 Used Mach 3 software as machine interface. 
 To produce a mini CNC milling machine that suitable for small industry. 
 Machine testing material used wood and the tool bit from solid carbide. 
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Figure 1.3 below showed the flow chart scope of this project. This scope used to 
guide the implementation of the project. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
     Figure 1.3 : Flow chart for scope of project 
 
 
 
Milling Process 
G code construction 
CNC machine 
fabrication 
Mach3 software 
Milling cutting 
testing 
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CHAPTER 2 
 
 
LITERATURE REVIEW 
 
 
2.0 INTRODUCTION 
 
In this chapter, a review of previous research project that are related of this project 
will be discussed. This kind of surveys was held as one of the tools to have some ideas on 
how this project works. It is based on other achievement and also to formulate the 
advantages of proposed solution. This may help in problem solving skills and options 
required for design and develop of portable CNC Milling machine purposed. 
 
2.1 INTRODUCTION OF CNC MACHINE 
 
CNC stands for “Computer Numerical Control” and these machines have replaced 
many of the more traditional machines in the industry. Since CNC machine are already 
present in almost all manufacturing systems, the automatic programming of CNC machine 
become widespread in the last two decades (Vosniakos, 1988:Kovacic, 2002). The 
conventional machine that made improvement to CNC machine is lathe machine, milling 
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machine, drilling machine and etc. the solution differ in reliability efficiency, flexibility 
and universality. 
Figure 2.1 below show about the basic element that have in all kinds of CNC 
machine. CAMS software commonly used to produce G code is Mastercam, CATIA, UG 
and another CAMS. While for the machine interface used Mach3, Fanux, Siemens, GSK, 
and another  software to control the machine motion. 
 
 
 
 
 
 
 
 
 
 
Figure 2.1 : Diagram of CNC component 
 
2.1.1 General Operation of CNC machine 
 
 As stated, CNC has touched almost every facet of manufacturing. Many machining 
processes have been improved and enhanced through the use of CNC. Let's look at some of 
the specific fields and place the emphasis on the manufacturing processes enhanced by 
PC 
CAMS Software 
Machine interface 
Machine structure 
1. Mastercam 
2. Catia 
1. Mach3 
2. Fanux 
1. Table 
2. Spindle 
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CNC machine usage. Among the general operation of the CNC machine is face milling, 
contour milling, slot milling, etc. In similar fashion, all kinds of turning operations like 
facing, boring, turning, grooving, knurling, and threading are done on CNC turning centers 
(Mike Lynch, 2007). Another operation is reaming, tapping, countersinking, etc that can 
performed in a drilling machine. 
 
2.1.2 Example of CNC machine 
 
In today, there are many difference type of CNC machine used in the manufacturing 
industry of which is : 
 
 Mills and machining centers 
 Lathes and turning centers 
 Drilling machines 
 EDM Sinker and wire cut machine 
 CNC grinders 
 Water jet profilers 
 Flame and laser cutting machine 
 
2.2 HISTORY 
 
2.2.1 CNC machine history 
 
Before CNC machining was invented, all metalworking fabrication processes were 
completed with NC (Numerical Controlled) machines. The concept of was introduced in 
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1967 but the first CNC machines were introduced in 1976. Since then the popularity of 
CNC grew very significant and it was recognized as the industry standard in 1989. Today, 
almost all metalworking fabrication processes can be completed with CNC machines. 
Actually, there are many CNC variations for all metalworking equipment, such as grinders, 
turret punches, routers, milling machines, drills, lathes, EDMs, and high-powered cutting 
devices. 
 
The main advantage is to improve safety, productivity, efficiency, and accuracy in 
metalworking fabrication. With CNC, operators do not have to interact directly in the 
metalworking processes and it significantly reduces risks at workplace. They can be 
operated continuously for 24 hours a day and 7 days a week. The machines only need to be 
turned off for regular maintenance. The reliability of these machines makes most 
companies to continue operating the machines during weekend, even without any human 
supervision. The machines are usually equipped with additional system that can contact 
off-site operator when an error occurs. When an error occurs, the process stops 
automatically (Natalie Eastaugh, 2011) . 
 
 
2.2.2 CNC Milling machine history 
 
Milling machines came originally from machine tools called rotary files. They were 
circular cutters that worked inside of a lathe. This machine was originally developed 
because hand filing materials was taking too long. The first of the milling machines was 
between the years 1814 and 1818. There were two armories that used the first milling 
machines, and they were called Springfield and Harpers Ferry. Soon after, various private 
factories began using these machine tools to quickly produce machined products at a rate 
much faster than what any number of workers using hand files could do on their own.  
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     Figure 2.2 : Eli Whitney milling machine 
 
 
Many private inventors began creating these machines at the same time. The most 
famous of these was Eli Whitney, who is generally given the honor of having created the 
first "true" milling machine. Other inventors have also been credited with contributing to 
the process, such as Robert Johnson, Captain John H. Hall, Simeon North, Roswell Lee, 
Thomas Blanchard, and others from Harpers Ferry, Springfield, and other locations running 
machine tools in the early 19th century. There is some controversy surrounding whether Eli 
Whitney actually created the first milling machine himself or not. Some scholars, such as 
Peter Banda, claim that the machine that was long credited to Whitney wasn't actually 
created until after his death.  
 
The early part of the 19th century, such as the teens, were critical for the 
development of milling machines. For example, the inventor James Nasymyth made 
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milling machines that were quite advanced because they could mill a hex nut used in 
indexing fixtures, even though they had six sides. One problem that Eli Whitney's milling 
machines had classically, is that it had no room for the knee to move up and down during 
the milling process. Machine tools used by the Gay & Silver Corporation in the 1830s fixed 
this oversight, thus making it much more comfortable for people to use it, which increased 
productivity.  
 
A reason for this oversight is likely because Whitney never envisioned just how far 
milling machines would be used. He thought that the machine tools would be used as a way 
to allow workers to not hand file everything. He likely envisioned a process where workers 
would use the machine for the rough parts of the project, and then finish up with hand files 
for the rest. The idea that hand filing would be eliminated altogether by the machines 
would've been a surprise. The Lincoln miller was a very influential machine from the 
1840s. It was developed by George S. Lincoln & Company who made one for the Colt 
armory in 1855. This miller also had the problem of having no way to position it vertically. 
The development of machines that had better vertical positioning would not come until the 
problem was noticed later on (Dudley Meredith, 2011). 
 
 
2.3 MILLING MACHINE 
 
Milling machine can produce one or more machined surfaces accurately on work 
piece. Example of the process  machining is flat, curved, or irregular surfaces by feeding 
the work piece against a rotating cutter containing a number of cutting edges. The milling 
machine consists basically of a motor driven spindle, which mounts and revolves the 
milling cutter, and a reciprocating adjustable worktable, which mounts and feeds the work 
piece. Milling machines are basically classified as vertical or horizontal. These machines 
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are also classified as knee-type, ram-type, manufacturing or bed type, and planer-type. 
Most milling machines have self-contained electric drive motors, coolant systems, variable 
spindle speeds, and power-operated table feeds.  
 
Figure 2.3 below showed the principle of CNC Milling machine. CNC milling 
machine in two basic form, first vertical and second horizontal. Both type of position have 
the same direction of movement in which are two types of three-axis and five-axis. 
 
 
 
 
 
 
 
 
 
Figure 2.3 : Principle of CNC Milling machine 
 
 
 
 
 
Principle of CNC 
Milling machine 
3 axis 5 axis 
Vertical  Horizontal 
3 axis 5 axis 
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2.3.1 Principle of CNC milling machine 
 
2.3.1.1  Vertical CNC milling machine 
 
The machining stability of the vertical milling machine can be predicted based on 
the analytical model (Altintas, 1995:Budak, 1998) . In their approach, the time-varying 
force coefficient of the dynamic milling process model was approximated by Fourier-series 
components. Following this, the stability relationship between the chatter-free axial cutting 
depths (Zmin) and the spindle speed (n) in end-mill operation (Gagnol, 2007).  
 
Figure 2.4 below shows the vertical spindle for CNC milling machine. This is the 
most popular machine for a job shop and mold maker. The advantages is trust of the cutting 
tool is directly absorbed into the machine table, ideal for large, flat plate work and single 
surface 3D contouring, heavy tools can be used without concern about deflection and less 
costly. This machine only have one of the disadvantages is the extensive chip buildup 
which obstructs the view and recuts chips. 
 
 
 
 
 
 
Figure 2.4 : Vertical CNC milling machine 
Source : Bohez (2002) 
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2.3.1.2 Horizontal CNC milling machine 
 
Operating the horizontal milling machine is not much different than operating the 
vertical milling machine until you begin using the over-arm supports and arbor driven 
cutters. When we use the horizontal milling machine in this way, a new set of operating 
principles need to be addressed. In the information that follows please pay close attention 
to the details. The information will help you not only make better parts and keep the 
machine running in proper order, but it may also keep you from getting seriously injured. 
 
The Horizontal Milling Machine is a very robust and sturdy machine. A variety of 
cutters are available to removed/shape material that is normally held in a strong machine 
vice. This horizontal miller is used when a vertical miller is less suitable. For instance, if a 
lot of material has to be removed by the cutters or there is less of a need for accuracy - a 
horizontal milling machine is chosen. 
 
Figure 2.5 below showed the horizontal spindle for CNC milling machine. Most 
popular for series production. The advantages to used this orientation is the table indexing 
capability enables multiple sides of a workpiece to be machined in one setup, chip drop out 
the way during machining, providing an uncluttered view of the cut and preventing 
recutting of chips and easy to provide APC. While the disadvantages is heavy tool deflect, 
trust of cutting tool must be absorbed by fixtures and more expensive than the vertical 
spindle machine (Luggen, 1991). 
 
 
 
